Summary
The Lactic acid bacteria (LAB) are of eminent economic importance because of their widespread use in food and feed fermentations. In recent years many LAB were studied for probiotic potential. Growing awareness was observed of the need for eating foods to prevent life-style related diseases through improved dietary practices in daily life. The Japan Ministry of Health and Welfare in 1991 initiated the world's first policy of legally permit ting the commercialization of selected functional foods called FOSHU (Food for Specified Health Use). Among FOSHU products for which a health claim of "food that improves gastrointestinal conditions" was approved were some fermented milk and lactic acid bacterium drinks. The functional factor of these products mainly consisted of probiotics, such as Bifidobacterium spp. and LAB (Lactobacillus spp., Streptococcus thermophilus) in Japan (1) . Novel strains with probiotic potential will probably continue to be found. (4) . The sources of Acetobacter strains were flowers, fruits, alcoholic beverages, fermented foods, and so on (5-7). Several LAB produce a variety of antimicrobials, such as lactic acid, acetic acid, hydrogen peroxide, carbon dioxide, and bacteriocins. In recent years special atten tion has been paid to bacteriocin production by lactic acid bacteria used in food fermentation and preserva tion. Many bacteriocins have been isolated and charac terized (8) , and some bacteriocin-producing strains were also isolated from fermented milk (9, 10 Phenotypic characterization. Observations of colonies of strains FC and FA were carried out on MRS and Ace tobacter broth, containing 1.5% agar , respectively. Cell form, cell size, and motility were determined for cells grown on MRS broth or Acetobacter broth, using a light microscope. Aerobicity was tested in a gas-pack anaero bic jar. Gram staining was carried out by the method of Bartholomew and Mittwer (11) . Growth of strain PC at different temperatures was determined on MRS broth and that of strain FA on Acetobacter broth , containing 1.5% agar. Sugar fermentation tests and enzyme activ ity tests were carried out by using the API 50 CHL iden tification kit (bioMerieux, Marcy I'Etoile , France) and a Based on the Escherichia coli numbering system (acc ession number V00348 (14)). Phylogernetic analysis. The multiple alignments were performed by the program Clustal W (version 1.81) (15) with a selection of reference sequences obtained from the DNA Data Bank of Japan (DDBJ). The distance matrices for the aligned sequence were calculated by the two-parameter method of Kimura (16) . The neigh bor-joining method was used for constructing a phylo genetic tree (17) . To evaluate the robustness of branches in the inferred tree, the bootstrap resampling method of Felsenstein (18) with 1,000 replicates was used. The accession numbers of the nucleotide sequences used to reference sequences are presented in Figs. 1 and 2 .
DNA-DNA relatedness. DNA-DNA relatedness was determined by the method of Ezaki et al. (19) , using photobiotin and microplates. Sequences from strain FC, 9 lactococcal strains , and two Gram-positive bacterial strains (Lactobacillus casei ATCC 393T and Lactobacillus delbrueckii subsp . bulgaricus ATCC 11842T) as the outgroups were aligned . Positions with gaps and ambiguous sequences were removed . A total of 1,299 sites were used for the phylogenetic anal ysis. Phylogenetic tree constructed from evolutionary distances by using neighbor-joining method (17) revealed that strain FC was included in Lactococcus lactic cluster, and most closely matched the type strain of Lac tococcus lactis subsp, cremoris (Fig. 1) . Bootstrap values supported the topology of the tree.
Sequences from strain FA, 20 strains related to Aceto bacter, and one Gram-negative bacterial strain (Acidiphi hum cryptum ATCC 33463T) as the outgroup were aligned. An alignment of 1,321 nucleotides after excluding the positions with gaps was used. The method used for constructing tree was the same as in Fig . 1. Fig  ure 2 shows a phylogenetic tree including strain FA with related strains. The strain FA was located in the lineage of the genus Acetobacter. Strain FC formed a cluster with A. orientalis NRIC 0481T, A, orientalis 1B M18A, A, cibinongensis NRIC 0482T, A, tropicalis NRIC 0312T, and A. orleanensis IFO 13742T, and was most closely related with A. orientalis NRIC 0481T (Fig . 2) .
Identification of strain PC
As the results of 165 rDNA analysis, strain FC was most closely related to L, lactis subsp, cremoris (Fig . 1) . Fig. 1 . Neighbor-joining tree of lactococcal strains based on the sequences of 16S rDNA . Lactobacillus casei ATCC 393T and Lactobacillus delbrueckii subsp. bulgaricus ATCC 11842T were used as the outgroups . An alignment of 1,299 nucleotides after excluding the positions with gaps was used. Bootstrap values are indicated at corresponding nodes derived from 1,000 replicates. Strain FC of which the 16S rDNA was determined in this study is indicated in bold . Accession numbers in the DDBJ, EMBL, and GenBank databases are in parentheses. Lc., Lactococcus; T , type strain. DNA-DNA hybridization among strain FC and the closely related species was studied. Strain FC was thought to be L. lactic subsp. cremoris or L, lactic subsp. lactis because of high DNA-DNA similarity values with the type strain of L. lactis subsp. cremoris DSM 20069T (86%) and L. lactis subsp. lactis JCM 5805T (85%), respectively. Low similarities were obtained among strain FC and other Lactococcus strains such as L, lactis subsp. hordniae JCM 1180T (50%) and L. garvieae JCM 10343T (5%). The differences between L. lactis subsp. cremoris and L. lactis subsp. lactis on sugar fermentation tests and enzyme activity tests were as follows: all strains belonging to L, lactis subsp. lactis gave positive reactions against maltose, ribose, arginine dehydrolase, but all L. lactis subsp. cremoris strains had negative reactions against them (4) . Unlike strain FC, L, lactis subsp. lactis showed negative reactions against them. By considering these results, strain FC was identified as L. lactis subsp. cremoris. Identification of strain FA On the basis of 165 rDNA analysis, strain FA was most closely related to A, orientalis NRIC 0481T (Fig. 2) . DNA-DNA hybridization among strain FA and closely related species was studied. Strain FA was identified as A. orientalis because of the high value of DNA-DNA sim ilarity with the type strain of A. orientalis NBRC 16606T (=NRIC 0481T) (92%) and low values with other strains such as A, cibinongensis 16605T (34%), A, tropi calis NBRC 16470T (28%), and A. orleanensis NBRC 13752T (24%). Up to now, strains of A, orientalis origi nated only from Indonesia, and were isolated from fruits, flowers, and fermented soybean food such as tempe and curd of tofu (7) . Strain FA was isolated from fermented milk in the Caucasus. This is a novel report of the source and geography from which the strain was isolated. Although A. orientalis is a recently proposed species that was recognized as valid in 2001 (7), the diversity of this species in terms of geography and source of isolation was very interesting. Antimicrobial spectrum in the culture supernatant of strain PC nisin, diplococcin and lactococcin are known (22) (23) (24) . Though the antimicrobial spectrum of nisin exhibits a broad pattern of inhibitory activity against Gram-posi tive organisms such as Listeria, Bacillus, and Micrococ cus species (22) , diplococcin and lactococcin exhibit specifically against other streptococci and lactococci (23, 24) . From this narrow spectrum-heat-stable, pro teinaceous, bacteriocins produced by L, lactis subsp. cre moris and related taxa-it was suggested that this anti microbial activity was caused by lactococcin or lactococcin-like products.
Bacteriocin homolog of strain PC Primers LcnB-F and LcnB-R were constructed for DNA regions of 172 nucleotides that encode lactococ cin B gene (1cnB; accession number S38128) in this study. The same length of amplification product was observed using them by PCR (data not shown), and was sequenced. BLAST analysis showed that the determined sequence was most closely related to a gene sequence of lactococcin B and completely identical (130bp/ 130bp). The new lcnB-like sequence of strain FC was also deposited in the databases under the accession number AB180931. Strain FC was thought to produce bacteriocin-like substances such as lactococcin B. The role of strains FC and FA in fermented milk L, lactis subsp. cremoris has been commonly used as the organism of choice in manufacturing milk products, particularly cheddar cheese. Strains of this species are isolated from fermented milk such as a ropy Swedish sour milk ("longfil") and a ropy Finnish milk product ("villi") (25, 26) . Although the strains belonging to Acetobacter orientalis have not been isolated from fer mented milk (7), because this species utilizes lactose and grows at pH 3.5 (7), it was thought that strain FA had become a component of fermented milk with strain FC. The bacteriocin-like antimicrobial activity of strain FC might have a role in preventing contamination of other related lactococci.
Although, more studies are needed on the fermented milk called Caspian Sea Yogurt, it is important to iden tify and characterize, in detail, the microorganisms of the fermented milk becoming popular at home in Japan.
